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TABLE 1.— Mean tem peratures.
Jan. | Feb.| Mar.| Apr.[May.[June July.!Aug.!Sept. Oct.|Nov. Dec. ntll':i
1918, .
“ZJun’’ shelter..| 17.4| 34.6] 50.0| 50.0} 69.6| 78.3| 77.4| 82.7].62.4| 60.2| 41.1] 38.7| 55.0
Shade"” shel-
ter........... 17.7| 34.8} 50.2| 50.0( 69.2| 77.6| 76.6 2.2| 62.2| 50.7| 41.4 37.6I 5.9
Difference....[—0.3(—0.2|—0.2] 0.0{+0.4|+0.7 +D.8i+0.5 +0.2{40.5]—0.3{—0.9|+0.1
1019.
“Sun’' shelter..| 30.7] 34.5| 44.8| 54,.4] 62.6| 74.1] 80.6| 77.0| 71.2: 55.1| 42.2| 25.8| 54.4
“Shade” shel-
ter........... 31.2| 34.6( 44.8] 54.0] 62.2| 73.2( 80.0] 76.4| 71.0; 55.2| 42.6| 26.1] 51.3
Difference....[—0.5/—0.1] 0.0{+0.4|+40.4|40.9{+0. 6{40. 6|+0.2|—0.1|—0.4/+0.3|+0.1
TABLE 2.— Mean moximum temperatures.
, |Jan.| Feb | Mar.] Apr.|May,June|July.|Aug.|Sept.| Oct.|Nov.] Dec ,ﬁlﬁi
1018,
#Sun '’ snelter..| 29.6| 49.5] 66.5] 62.4] 1.5/ 01.9.90.6] 96.5| 76.4| 72.1| 48.5| 48.8] 67.7
“Bhade” shel-
ter...o..aauns 29.1{ 49.0( 65.% 61.0] 79.9| 89.2| 87.8} 94.1| 73.4 69.5' 47.5] 46.%| 88.1
Difference....|40.5(4+0.5(+0. 7|4+ 1. 4|+1.6/+42.7| 2.8/+2.7|4+3.0{+2.6/4+0.7| 0.0/+1.6
1919,
#Sun shelter..| 43.8] 45.5| 54.8] 65.2| 74.1| §5.3| 94.5| 90.7| 85.1] 67.7| 56.5| 35.4| 66.7
*Shade” shel-
| 7] 43.5| 45.2| 56.1] 64.2 72.2( 82.6( 91.8 8S.0} 82.9; 66.3| 6.1 35.0( 65.3
Difference. . ..{+0.3|40.3(4+0.7[4+1.0{+1.9(+2,7|+2.7{+2,.7|4+2. 2(+1.4/4-0.4]4+ 0. 4(+1. 4
TABLE 3.— Mein mintmum temperotures.
Jan.| Feb.| Mar.|A pr.|May.|June|July.|Aug.|Sept.| Oct.Nov.| Dec. ntlx':i
1918,
#8un’’ shelter..| 5.3| 19.7] 33.4; 37.6| 57.6} 64.7| 64.1] 63.6| 4%.5| 48.4| 33.7| 26.6] 42.4
“#Shade™ shel-
ter..oooaa.... 6.3( 20.7] 34.6] 38.2 '58'6i 66.0] 65.4( 70.3| 50.5| 49.9} 34.9| 28.4| 43.6
Difference....|—1.0{—1.0) —1.2‘—-0.6 —1.0{—1.3|—1.3{—2.3|—2.0|—1. 5| -1.2|—1.8/—1.2
1919,
“Sun’ shelter..| 17.6( 23.5| 32.7] 43.6! 51.1| 62.9] 66.5) 63.4[ 57.2| 42.5( 27.9| 16.3| 42.1
‘“Shade” shel-
ter...,....... 18.9( 24.0[ 33.4] 43.9] 52.2| 45.8| 68.3} 64.7) 59.1) 44.1] 20.2) 17.2] 43.2
Diflerence... | —1.3|—0.5(—0.7 —0.3‘—1.1 —0.6]—1.5/—1.3[—1.91—1.6—1.3|—0.9|—1.1
[ !
TasLe 4.— Macimum tom perafures.
Jan. | Feb.!| Mar.| Apr.[May.|June|July.|Aug.[Sept | Oct.|Nov.| Dec. n'}l’,"i
1918,
“Sun’shelter..| 52| 78 85/ S0{ 92| 106( 104 109 92 92 72| 691109
“Shade™ shel- |
52 78] 85 80| 90 103| 100, 107| S%{ 87, 69 69|1107
Difference....| 0 +2 o o 42l +3 +4 +2 4+ 45 +3) o 42
1019,
“Qun’'shelter..| 65 62 70| &6 S8 95 104 104 08! 92 70| ads 2104
éShade’ shel-
ter....coue... 66 61 70 S5 S4| 95 100] 101) GG 911 69 =67 3101
Difference....| —1| +1 0' +1| 42| 43 +4] +3] +2 41| +1] +1 +3
1 Aug. 3. 2 July 31, Aug. 6. 8 Auy, 6.
TABLE 5.— Minimum temperafures.
Jan. | Feb.| Mar.| Apr.|May.|JuneJuly. Aug.’Sept. Qct.[Nov.| Dec, l;}l';i
' | .
1
1918
“Sun’’shelter..| —18{ —16] 15 20 30 49| 52/ 48 30| 32| 12 —3{:—-18
*Shade’'shelter| —17| —15] 17| 22| 32 5 55 &1, 34| 34 4 —1f1—-17
Ditference. ... 1 1 2 2] 2] 1 3 3 4 2 2 -1
1919.
*8&nn ' shelter..{ —19) 0 1] 271 38 46 54 &0 42 24 5| —15{2—19
‘*Shade "shelter| —18 2 3 2% 40| 47| d6|  50] 45| 25 7| —13)3-—-1%
Difference.... 1 2 2| 1 2 1 200 3 1 2i 3 -1
] i |
1Jan, 12, 2Jan, 2, 3. 3 Jan, 3.
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TABLE 6.—Greatest daily range of temperature.

Jan. | Feh.| Mar.{ Apr.|May.|June|July.|Aug.|Sept.| Oct.|Nov.| Dec. lﬁlgi

1918,
*8un’" shelter.. 44] 521 49 45 40/ 36| 39 45 42| 43| 35 34 52
¢Shade’’shelter 41| 48| 47| 44 37 33( 30| 40{ 44 35 38 34 48
Difference.... 3| 4 2 1 3 6 9 5 2 8 3 0.....

1919.
“Sun’* shelter.. 49 43| 421 42 7] 36| 41] 42] 46| 42 42 a 43} 49
“Shade’ shelter 49| 420 39 39| 34 31 35 3¢ 40/ 37 40 s4l} 49
Difference....| 0 1 3 3 3 5l 6 ei el 5| 2 2.

TasLE 7.-—Greatest difference between dailu rendings on any day.

An-
nual
Jan.|Feb,| Mar,| Apr.|May.[June|Tuly.|Aug.|Sept.| Oct.|Nov.| Dec./mean
diffep-
ence.
1918.
Maximum tem-
eratures.....[ 8 4 3 4 4 4 6 5 7 3 3 1,2
Minimum tem-
peratures..... 3| 3 3 3 3 7 3 L] 4 4 3 3 3.6
1919.
Maximum tem-
peratures.....| 3 2 2 3 6 4 4 4 6 4 4 2 3.7
Minimum tem-
peratures..... 3 4] 2| 2| 8| 2| 8| 4| 5 3| 2| 4| 3.1

NoTE.—In each instance given in this table the maximum was higher and the mini-
mum lower in the ‘“sun’" shelter.

TaBLE 8,.— Mean doily runge of temperature.

Jan. | Feb. Maz.'. Apr.[May.|June{July.|Aug.|Sept.| Oct.|Nov.| Dec. Iﬁ:;]
1918,
«“Sun’ shelter..| 24.3] 29.8| 33.1] 24.8{ 23.9| 27.2| 26.5] 28.2( 27.9| 23.7| 14.§ 20.2| 25.3
#Shade’’shelter | 22.8 28.3| 31.2| 22.8| 21.3| 23.2| 22.4| 23.8| 22.9} 19.6| 12.9| 18.4| 22.5
Difference....| 1.5 15 1.9 2.0/ 2.6/ 4.0 41 44/ 5.0 Lo 1.
1019, !
“Qun’shelter..| 26.2) 22.0 24.1| 21.4" 23.0| 22. 4| 27.7| 27.3| 27.9; 25.2| 28.6( 19.1] 24.8
vShade’'shelter| 24.6( 21.2] 22.7| 20.3 20.0( 18.8 23.5| 23.3( 23.8| 22.2| 26.9| 17.8( 22.1
Difference....| 1.6| 0.8/ 1.4 1.3 3.0] 3.60 4.2 4.0 4.1‘ 3.0 17 1.3 25
i

THE STANDARD ATMOSPHERE.
(Discussion.)

With the advance of aeronautics and the science of
artillery, engineers and specialists in these fields have
come to require a specific knowledge of the varying states
of the atmosphere from the ground to very great eleva-
tions. This has led to the introduction of a conven-
tional term commonly known as the standard atmosphere,
which pretends to specify the normal or average condi-
tion. As is well known, the ‘“standard atmosphere’ is
never found; that is to say, at no time or place do
“standard’ or average conditions of all of the meteoro-
logical elements at all altitudes simultaneously occur.
Nevertheless it is proper, and in certain fields (especially
those of aviation and ordnance) it is necessary, to adopt
so-called ‘‘standard’ values, and it is desirable to have
these represent as closely as possible true mean values in
order that corrections due to departures from these means
may be comparatively small in most cases. It would be
advantageous, so far as accuracy is concerned, to use at
least three sets of ““standard’ conditions—one for sum-
mer, one for winter, and a third for spring and autumn;
but this would complicate the matter, so far as practical
use is concerned, and the usual custom is, therefore, to
adopt one set of values only and to use this set in com-



Mar, 1920.

puting a formula whose constants define the ‘‘standard
atmosphere.” As already stated, the values adopted for
this purpose should be as nearly as possible true annual
averages. These the meteorologist can furnish for many
regions, principally for Europe and the United States,
yet we find not infrequently ** investigators’’ picking out
a few observations here and there and spending (in effect
wasting) much time and energy in computing formulze for
general application based thereen. An instance of this
practice is to be found in & recent paper by M. Soreau,’
in which he essays to establish “standard’ free-air con-
ditions. Unfortunately his results are based upon onl
40 sounding balloon records, whereas some hundreds
might have been used. Worse still, these 40 soundings
are very poorly distributed as to season. There are 15
in the coltll) months January and February, 23 in the tran-
sitional months March to May, and only 2 in the one
surhmer month of June, and even these 2 are in the early

art of that month. It is not surprising, therefore, to
find that the pressures at all heights above the surface
are considerably below true annual averages.

Using his means M. Soreau evolves the following
empiric equation:
760
Z =5 (3064—1.73 P~0.0011 P?) log P’

in which Z is the desired altitude and P the observed
pressure. He states that this formula fits his mean
values well, which is not surprising, since it is based upon
them. It does not, however, fit any other values that
have been published. Applied to those for Europe given
by Dines,* the errors in determining Z are about 1.3 per
cent: applied to those for the United States? the errors
are nearly 4 per cent. It isnot to be expected, of course,
that a single formula will apply to different, widely sepa-
rated localities, but a formula for use in Europe should
certainly be based upon representative European data.
Otherwise, the conclusions mislead those not familiar
with meteorological data. In a more recent note
Rateau,* calls attention to discrepancies in Soreau’s
values and those given hy Lapresle for Lindenberg, and
expresses the hope that further information as to average
free-air conditions may be obtained. As a matter of fact
there is already sufficient information for this particular
purpose, so far as Furope is concerned.

Naturally, the remainder of M. Soreau's paper, in which
he discusses the relations between N and u (A being the
ratio of the specific gravity at Z altitude to that at the
surface, and u the corresponding ratio of pressures) is of
little value, since it is based upon incomplete data.

Finally, a more acceptable discussion of the subject has
been made by Prof. Pericle Gamba, who has employed a
large number of observations in several countries, result-
ing in a reasonably close representation of the average
conditions in the free air. Prof. Toussaint > has utilized
Gamba's analysis of the meteorological data in the for-
mulation of a proposed interallied agreement as to the law
of decrease of temperature with increase of altitude.

. !Loisexpfrimentales des variations de la pression barométrigue et du poids spicif-
ique de I'air avec I'altitude, par Rodolphe Foreau. L'Aérophile, Novembre 1-15, 1919,
D $25-342. Also in briefer form in Com Qtts Rendus, December 1, 1819, pp. 1023-1025.

Characteristies of the free atmosphere, W, H, Dines, F. R. 8., Geophyzical Mrmnirs
Nb. 13, Meteorological Office, l.ondon, 1919, M., O, 220¢. pp. 47-76.

3 Kimhall, H. H.: On therelations of atmospheric pressure, temperature, and density
toaltitude. MONTHLY WEATHER REVIEW, March, 1919, 47 156-155,

Gregg, W. R.: Average free-hir conditions as observed by means of kites at Drexel
Aerological Station, Nebr., during the period Nov., 1915, to Dec.. 1918, inclusive,
MoNTHLY WEATHER REVIEW, Jan., 1920, 48 1-11,

* A, Rateau: Variations du poids s~éeifique de l'air avee I'altitude en atmosphére
standard. L'dérophile, Mars 1-15, 1920, pp, 72-73,

. * Diraft of interallied agreement on law adopted for the decrease of temperature with
inerease nf altitude, Mar., 1920, [ssued by Ministere de 1a Guerre, Aeronautique Militaire,
Section Techniyue,
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Toussaint proposes the adoption of a “law’ of linear
decrease of temperature with altitude, starting at a
temperature of 15° C. at sea level and attaining
—-50° C. at an altitude of 10,000 meters. This “law’’ is
expressed by the formula ¢=15—0.0065 Z, in which ¢=
temperature in °C. and Z =altitude in meters.

Using this formula for computing the “standard” tem-
perature for various heights, and assuming further that
the atmosphere is dry and that gravity remains constant
at all levels, the author quickly determines the appro-
priate values of pressure and density. The results are
given, in abridged form, in the following table:

Altitude
Tem-
above ) . .
mean sea Pressurc. gltl ra- | Density.
level. re.
m. mm. °C. kg.Jeu.m
0 760 15 1.235
A0 714.2 13 1,165
1,000 673.4 ol 1112
1,500 631 [ 1. 060
2,100 595.2 2| 1008
2,500 5h0) : —1 0.957
3,000 §35.7 -5 0.907
3,500 193 — 8| 0.885
4,000 452,2 —11| 0.820
4,500 432.2 —14 0.77%
5, 0K} 405 ~18 0.735
6,000 353.8 -2 0.680
7,000 307.8 —31 0. 588
8, Oin} A6, 9 —37 0,525
w, 0110 230.4 —41 [ 0.467
10,000 198.2 ~50 0.413

Although the adopted rate of temperature decrease is
arbitrary, the resulting values nevertheless agree quite
well with annual means as published by various investi-
gators for Europe and the United States. (CY. references
1n footnotes 2 and 3.) Prof. Toussaint remarks:

1t has hecn found preferable to take a lincar law rather than to seek
an equation approximate to Prof. Gamhba’s curve, for the following
reason:

[n order to deline the standard atmosphere, what is needed is not an
exact reprosentation of that curve, but merely a law that can he con-
veniently applied and which iz sufficiently in concordance with the
means adhered to. By this mathod, corrections due to temperature
will be as small us possible in ealenlations of airplane performances,
and will he easy to ealeulate.  The proposed law seems likely to realize
such vonditions. .

The deviation is of some slight importance only at altitudes helow
1.000 meters. which altitudes are of little interest in aerial navigation.
The simplicity of the formula largely compensates this inconvenience.

It must b remarked. however, that since the isothernial layers seem
to commenee. in Buropean rerions, at an altitude of ahout 11,000 me-
ters. it would be dangerous to extrapolate abos e that altitude.

When it hecomes an ordinary oecirrence for airplanes to attain that
altitude, it will be necessary to modifyv the law. but it suffices for the
machines now in use,

It should be further remarked that the proposal is im-
properly referred to as a “law.” A law is su{)) osed to
define something that is exact, within reasonable limits,
whereas the actual conditions at different times and
places will differ widely from this or any other assumed
rate of decrease. ‘Standard atmosphere’ is probably
the best expression. It is to be hoped, though, that not
even that term will be adopted, until all, or at any rate
most, countries have agreed to use the same values.—

W. R. Greqq.

INTERVALS BETWEEN BEGINNING OF RAINFALL IN WEST
AND CENTRAL FRANCE.

A letter received from Albert Jagot, of Le Mans,
France, gives an account of some interesting studies on
the intervals between rainfall at Nantes and Le Mans
and between Brest and Le Mans. Bly grouping low-
pressure locations and high-pressure locations he has



